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MALATHION.  A  PROTECTANT  FOR  NATURAL  RAISINS 
AGAINST  INSECT  INFESTATION 

By  Garth  H.  Spitlei^ 

t  St 

SUMMARY 


Since  1961,  the  Dried  Fruit  and  Tree  Nut  Insects 
Laboratory  has  studied  the  effectiveness  of  mala- 
thion.  These  studies  show  that  malathion-treated 
paper  trays  afford  excellent  protection  to  the  raisins 
from  insects  in  the  field,  in  storage  on  the  ranch,  and 
at  the  processors.  This  protection  improves  the  qual- 
ity of  the  raisins. 

This  manuscript  reports  the  results  of  two  storage 
tests  to  demonstrate  the  use  of  malathion-treated 
paper  trays  that  impart  malathion  on  the  raisins  and 
thus  protect  them  while  in  storage.  The  objectives  of 
these  two  tests  were  to  show  (1)  that  raisins  dried  on 
treated  trays  remain  relatively  insect  free  in  storage 
without  fumigation,  and  (2)  that  separating  raisins 
dried  on  treated  trays  into  segregated  storage  was 
worthwhile  and  beneficial. 

In  test  1,  the  treated  trays  were  analyzed  and 
found  to  have  104,  109,  and  110  mg.  per  ft.-  of  mala- 
thion. Raisins  from  these  trays  were  found  to  have 
residues  of  3.8,  3.8,  and  4.0  parts  per  million  (p.p.m.) 
In  test  2,  the  trays  were  analyzed  and  found  to  have 
91.5.  97.4,  and  100.4  mg.  per  ft-  Corresponding  res- 
idues from  this  test  were  5.1,  5.2,  and  5.4  p.p.m. 

In  test  1,  live  insects  brought  into  storage  from  the 
raisins  dried  on  untreated  trays  were  raisin  moth, 
Cadra  figulilelh  (Greg.);  hairy  fungus  beetle,  Typhaea 
stercorea  (L);  vinegar  flies,  Drosophila  sp.;  and  a 
parasitic  wasp,  Bracon  hebefor  Say.  Raisins  dried  on 
treated  trays  were  insect  free  when  brought  into 
storage. 

In  test  2,  live  insects  found  from  screenings  made 
at  the  time  the  raisins  were  placed  in  storage  were 
raisin  moth;  red  flour  beetle,  Tribolium  castaneum 


(Hbst);  hairy  fungus  beetle;  dried  fruit  beetle.  Cor- 
pophilus  hemipterus  (L);  merchant  grain  beetle, 
Oryzaephilus  mercator  (Fauvel);  and  rusty  red  grain 
beetle,  Cryptolestes  ferrugineus  (Steph.).  Once  again, 
those  raisins  from  treated  trays  were  found  insect 
free. 

The  number  of  live  insects  found  in  untreated 
raisins  in  test  1  from  154  samples  (14  per  month)  was 
2,108.  In  the  raisins  from  the  treated  trays  (identical 
number  of  samples),  37  live  insects  were  found.  In 
test  2,  the  untreated  raisins  started  storage  with  162 
live  raisin  moths  per  sweat  box  screening,  and  at  the 
eleventh  month  this  number  had  increased  to  2,659 
per  sweat  box.  During  the  same  time  period,  the 
numbers  found  on  raisins  from  treated  trays  were 
respectively  zero  at  the  start,  and  356  at  the  eleventh 
month  of  storage. 

In  test  1,  during  the  last  6  months  of  storage,  the 
untreated  raisins  failed  to  meet  raisin  standards  be- 
cause of  high  insect  fragment  counts.  Over  the  same 
6-month  period,  the  malathion-treated  raisins  passed 
inspection  standards.  Also  in  test  1,  during  the  last 
7  months  of  storage,  the  amount  of  insect  damage 
in  untreated  raisins  increased  from  6.3  to  20.6  per- 
cent. In  the  same  period,  insect  damage  of  malathion- 
treated  raisins  increased  from  0.5  to  2.1  percent.  In 
test  2,  monthly  samples  were  not  taken,  but  visual 
observations  at  the  two  sampling  dates  supported  the 
findings  of  test  1. 

These  two  storage  tests  show  that  raisins  dried  on 
malathion-treated  trays  contained  less  insect  damage 
than  those  from  untreated  trays.  The  length  of 
storage  expected  from  such  treatment  is  from  6 
months  to  1  year. 


INTRODUCTION 


This  is  the  fifth  article  (3,  4,  5,  7)2  in  a  series 
started  in  the  early  1960's  reporting  that  malathion 
treatment  of  paper  raisin  trays  imparted  or  led  to 
natural  raisins"  acquiring  malathion  deposits.4  In  1960, 
Charles  Fisher,  Curtis  D.  Lynn,  and  A.  F.  Kirkpatrick 


Entomologist,  Western  Region,  Agricultural  Research  Service, 
U.S.  Department  of  Agriculture,  Fresno,  Calif. 
-Italic  numbers  in  parentheses  refer  to  Literature  Cited,  page 
8. 


-Natural  raisins  as  defined  in  Raisin  Order  989,  paragraph 
989.98,  as  amended,  effective  August  28,  1957,  are:  "Raisins 
— the  production  of  which  includes  sun  drying,  artificial  de- 
hydrating, with  or  without  bleaching,  but  which  have  not 
been  further  processed  to  a  point  where  they  meet  any  of 
the  conditions  for  packed  raisins."  In  this  report,  the  term 
"natural  raisins"  will  be  used  for  sun-dried  fruit  only. 

;U.S.  Food  and  Drug  Administration.  Malathion  in  Paper  Trays 
for  Drying  Grapes.  (Raisins)  CFR  Title  21,  Chap.  1,  Sub- 
chapter B — Food  and  Food  Additives,  Part  121,  Subpart  D 
and  D  121.1172  Malathion  (c),  Feb.  18,  19S5,  amenripd  Feb. 
25,  1972. 


(unpublished  data,  1960),  first  tried  the  idea  of  drying 
grapes  on  paper  trays  impregnated  with  technical 
grade  malathion.  Since  1961,  the  Dried  Fruit  and  Tree 
Nut  Insects  Laboratory  has  studied  the  effectiveness 
of  malathion  for  this  use.  These  studies  show  that 
malathion-treated  paper  trays  afford  excellent  protec- 
tion to  the  raisins  from  insects  in  the  field,  in  storage 
on  the  ranch,  and  at  the  processors.  This  protection 
improves  the  quality  of  the  raisins. 

Improved  quality  is  further  attested  to  by  cooper- 
ating ranchers  who  have  said  that  the  raisins  dried 
on  the  malathion  trays  were  better  than  those  made 
on  untreated  trays  at  the  same  ranch  and  vineyard. 
In  1963  (4),  it  was  determined  that  malathion  deposits 
could  be  transferred  from  treated  paper  trays  to 
raisins  dried  on  them  without  changing  the  harvest 
procedures.  The  deposits  of  malathion  on  raisins 
have  been  found  to  protect  the  raisins  from  insect 
infestation  for  up  to  1  year  in  storage. 

In  February  1965,  8  parts  per  million  (p. p.m.)  of 
malathion  residue  on  processed  raisins  was  ap- 
proved (3).  This  laboratory  has  since  recommended 
the  use  of  malathion-treated  paper  trays  to  the  raisin 
industry  to  improve  raisin  quality.  This  report  is  of 
research  conducted  on  malathion-treated  trays  and 
is  not  intended  as  a  recommendation  of  the  method 
tested.  The  report,  however,  does  support  previous 
studies  using  malathion-treated  trays. 

During  the  harvest  in  the  fall  of  1967,  approxi- 
mately 25  percent  of  those  ranchers  drying  raisins 
used  malathion-treated  trays  to  improve  the  quality 
of  raisins  delivered  to  the  processors.  This  created 
a  temporary  problem  within  the  industry  as  no  mon- 
itoring system  was  in  use  by  the  industry,  and, 
therefore,  the  storage  advantage  of  these  treated 
raisins  could  not  be  utilized.  This  monitoring  system 
is  now  in  use. 


Fumigation  has  been  accepted  throughout  the 
raisin  industry  as  an  excellent  means  of  suppressing 
an  active  insect  population.  However,  the  protection 
factor  from  fumigation  is  valid  only  while  the  raisins 
have  a  concentration  of  gas  surrounding  them  that 
is  still  lethal  to  the  insects  involved.  The  use  of 
malathion-treated  trays  will  be  a  practice  that  will 
complement  the  present  practice  of  fumigation  for 
insect  control.  Treated  trays  insure  a  cleaner,  better 
grade  product  being  delivered  to  the  processor  and 
give  the  raisins  a  degree  of  storage  protection  not 
obtained  from  fumigation. 

This  is  the  report  of  two  storage  tests,  started  in 
the  fall  of  1968,  to  demonstrate  the  use  of  malathion- 
treated  trays  in  storage.  The  objectives  of  these  two 
tests  were  to  show  (1)  that  raisins  dried  on  treated 
trays  would  remain  relatively  insect  free  in  storage 
without  fumigation,  and  (2)  that  separating  raisins 
dried  on  treated  trays  into  segregated  storage  was 
worthwhile  and  beneficial. 

Test  1  deals  with  a  controlled  temperature  storage 
where  heavy  insect  populations  were  maintained  for 
1  year.  Daily  observations  were  possible  in  this  test, 
and  monthly  samples  were  taken  for  close  examin- 
ation. 

Test  2  is  a  record  of  a  commercial-type  storage 
where  insect  populations  were  allowed  to  develop 
naturally  under  ambient  weather  conditions.  An 
additional  part  of  this  test  was  to  compare  the  raisins 
from  malathion  trays  with  those  from  untreated  trays, 
and  raisins  dried  on  untreated  trays  that  had  been 
fumigated  periodically  with  methyl  bromide  to  both 
the  above  mentioned  untreated-  and  treated-tray 
raisins. 


TEST  1 


Materials  and  Methods 

Raisins  used  in  this  test  were  dried  on  both 
malathion-treated  trays  and  untreated  trays.  Sixty 
pick  boxes  (45  to  50  pounds  of  raisins)  were  taken 
from  a  California  vineyard  on  September  26,  1968,  and 
placed  in  storage  at  the  laboratory.  Thirty  boxes  of 
raisins  were  from  malathion-treated  trays  and  30 
boxes  from  untreated  (control)  trays.  The  treatment 
and  control  raisins  were  handled  in  the  same  manner. 
The  same  crew  took  the  raisins  from  the  vineyard, 
cleaned  them  by  running  them  over  a  shaker  (5),  and 
reboxed  them.  Samples  of  the  raisins  were  taken  for 
malathion  residue  analysis  in  the  laboratory.  Treated 
raisins  containing  over  2  p. p.m.  malathion  were  the 
only  ones  placed  in  storage.  The  analyzed  samples 
met  this  criterion. 

Boxes  of  raisins  were  placed  in  storage  on  four 
separate  pallets.  Each  pallet  was  arranged  so  that 
two  rows  of  boxes  were  stacked  side  by  side,  seven 


boxes  high;  thus  a  pallet  contained  14  pick  boxes. 
These  14  boxes  were  rotated  to  another  quadrant 
within  the  room  every  4  weeks  starting  December  2, 
1968. 

Raisins  dried  on  untreated  trays  were  placed  on 
two  pallets.  On  one  pallet  the  boxes  were  numbered 
1  to  14,  and  on  the  other,  15  to  28.  Those  raisins  dried 
on  treated  trays  were  placed  on  two  other  pallets 
in  a  like  manner. 

Raisins  from  both  treated  and  untreated  trays 
were  observed  for  insect  activity  when  they  were 
placed  in  storage.  Within  30  days,  live  insects  were 
noticed  crawling  around  on  the  walls  of  the  room. 
Samples. taken  from  the  top  boxes  of  all  four  pallets 
showed  the  source  of  these  insects  to  be  the  un- 
treated raisins. 

Regular  releases  of  test  insects  from  laboratory 
cultures  were  made  after  determining  that  only  field- 
dried  raisins  harbored  live  insects  (5).  On  November 
1,  and  every  4  weeks  thereafter,  until  the  storage  was 
terminated,  3,000  raisin  moths,  3,000  Indian  meal 
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moths,  10,000  sawtoothed  grain  beetles,  and  10,000 
merchant  grain  beetles  were  released  within  the  area 
containing  the  56  pick  boxes  of  raisins. 

At  monthly  intervals,  150-gram  samples  were  taken 
from  each  box  of  both  the  treated  and  untreated 
raisins.  Each  sample  was  screened  to  determine  the 
presence  and  number  of  live  insects.  The  results  of 
these  monthly  screenings  are  shown  in  table  1. 

When  these  samples  were  screened  for  insects, 
they  were  pooled  into  one  sample  each  of  untreated 
and  treated  raisins.  From  these  pooled  samples,  three 
aliquot  samples  were  taken  for  malathion  residue  de- 
terminations. 

Storage  conditions  within  the  room  were  con- 
trolled. Room  temperatures  ranged  from  a  low  of  60 
F.  to  a  high  of  90  .  No  windows  were  in  the  room. 
Light  conditions  were  maintained  by  a  time  switch 
which  was  set  to  turn  lights  on  for  12  hours  and  off 
for  12  hours.  These  were  the  same  light  conditions 
under  which  the  test  insects  were  reared. 

Insects  used  in  this  test  were  from  culture  room 
stock  which  had  been  screened  for  pathogens.  All 
moth  eggs  were  surface-sterilized  in  a  5-percent 
formaldehyde  solution  for  20  minutes,  then  rinsed  in 
distilled  water  for  20  minutes. 

After  drying,  they  were  placed  on  the.  surface  of 
the  food  media  within  the  quart  rearing  jars.  Imme- 
diately before  placing  these  eggs  inside  the  jar,  the 
food  surface  was  sprayed  with  approximately  10  ml. 
of  streptomycin  sulfate  solution. 

Insects  were  released  from  three  locations  within 
the  storage  room  each  month.  Release  areas  were 
placed  an  equal  distance  between  two  pallets  at 
each  end.  The  third  release  area  was  in  the  center  of 
the  room.  All  four  pallets  were  observed  to  receive 
approximately  equal  insect  numbers  after  the  release 
of  the  insects. 


Results 

Field  Evaluation 

This  test  supported  and  confirmed  the  belief  that 
raisins  dried  on  untreated  trays  and  placed  in  storage 
without  being  fumigated  would  become  infested  with 
live  insects  (4).  The  insects  brought  into  storage  from 
the  field  were  raisin  moth,  Cadra  figulilella  (Greg.); 
hairy  fungus  beetle,  Typhaea  stercorea  (L);  vinegar 
fly,  Drosophila  sp.;  and  a  parasitic  wasp,  Bracon 
hebetor  Say.  They  were  all  found  within  30  days  after 
the  beginning  of  storage.  Raisins  dried  on  treated 
trays  were  insect  free  at  that  time. 

Storage  Evaluation 

Malathion  residues  were  shown  to  afford  excellent 
protection  to  the  raisins  from  insects  (table  1). 
Raisins  that  contained  malathion  residues  as  a  re- 
sult of  being  dried  on  malathion-treated  trays  re- 
tained approximately  75  percent"'  of  the  original 
residue  at  the  end  of  1  year  of  storage  (table  ?). 


Microanalysis  and  Maturity  Evaluation 

Microanalysis  of  the  test  raisins  was  not  begun 
until  after  6  months  of  storage.  Results  of  samples 
taken  at  monthly  intervals  during  the  last  6  months 
showed  that  little  difference  existed  in  most  cate- 
gories of  the  microanalysis,  such  as  miscellaneous 
hairs,  barbules,  feathers,  and  insects  (adult,  pupa, 
larva,  or  egg).  However,  there  was  a  significant  num- 
ber of  insect  fragments  during  the  last  5  months,  and 
samples  of  untreated  raisins  during  this  period  failed 
to  meet  acceptable  standards.  For  the  same  5-month 
period,  raisins  from  the  treated  trays  passed  the 
acceptable  standards  of  inspection  for  all  samples. 
This  would  strongly  indicate  that  the  malathion  on 
the  raisins  served  to  repel  many  insects  from  enter- 
ing those  raisins  stored  on  pallets  containing  treated 
raisins. 

During  the  last  7  months  of  storage,  maturity  (2) 
tests  were  made  on  both  untreated  and  treated 
raisins.  The  results  of  the  tests  showed  that  un- 
treated raisins  failed  to  meet  the  required  45- 
percent  "B"';  grade  raisins  during  each  month  of 
sampling.  It  would  have  been  desirable  to  have  the 
grades  approximately  equal  at  the  start  of  the 
sampling  period.  Those  raisins  from  malathion- 
treated  trays  were  always  well  above  the  required 
minimum  of  45-percent  "B"  or  better. 

Raisins  containing  malathion  residues  were  at 
least  65-percent  "B"  or  better  each  time  they  were 
sampled.  One  phase  of  the  maturity  test  showed  that 
the  raisins  containing  malathion  residues  had  the 
least  amount  of  insect  damage.  Malathion-treated 
raisins  were  found  to  have  0.5-percent  damage  after 
6  months  of  storage.  This  increased  to  2.1-percent 
damage  by  the  end  of  12  months  in  storage.  During 
the  same  period,  the  untreated  raisins  were  found  to 
have  6.3-percent  insect  damage  at  6  months,  and  this 
increased  to  20.6  percent  at  the  end  of  the  year. 


Discussion 

When  raisins  were  placed  in  storage,  a  small 
sample  taken  from  each  lot  showed  the  raisins  from 
untreated  trays  contained  live  insects,  whereas  none 
were  found  in  like  samples  of  raisins  from  the 
malathion-treated  trays.  During  the  first  30  days  of 
storage,  these  insects  developed  and  became  part 
of  the  insect  population  pressure  to  which  both  lots 
of  raisins  were  subjected  within  the  same  room.  Two 
species  of  insects,  the  hairy  fungus  beetle,  Typhaea 
stercorea  (L),  and  the  vinegar  fly,  Drosophila  sp., 
never  seemed  to  develop  to  any  significant  numbers. 


"Since  the  malathion  trays  were  first  used,  the  greatest  loss 
of  residue  on  the  raisins  during  a  1-year  storage  period  was 
51.7  percent,  the  average  retention  falling  between  60  to  70 
percent  of  what  was  acquired  by  the  raisins  from  the  trays 
in  the  vineyard. 

,;A  grade  of  45  percent  ("B")  or  better  is  required  for  accept- 
ance by  the  inspection  agency  at  the  processing  plant  for 
incoming  raisins. 
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In  given  years,  the  dried  fruit  beetle,  Carpophilus 
hemiierus  (L),  can  be  attracted  in  large  numbers.  All 
of  these  species  prefer  high  moisture  or  fermenting 
fruit.  Bunch  rot,  broken  grape  berries,  or  rain  often 
create  the  conditions  that  attract  these  insects  to 
the  trays  and  account  for  their  presence  in  the  stored 
raisins. 

During  the  first  6  months  of  storage,  a  parasitic 
wasp,  Bracon  hebefor  Say,  was  brought  in  with  the 
initial  field  infestation  and  developed  to  a  high  popu- 
lation. The  parasite  drastically  reduced  monthly  moth 
populations  (table  1)  from  233  in  1  month  to  only  six 
the  following  month.  The  moth  population  never  re- 
covered to  the  previous  high  counts  in  the  remaining 
6  months  of  the  test.  When  moths  were  released,  the 


numbers  of  wasps  seemed  to  increase  proportionately 
and  kept  the  moth  infestation  at  a  low  level. 

Attempts  to  evaluate  microanalysis  and  maturity 
tests  were  difficult,  because  the  raisins  from  the 
untreated  lot  were  not  of  equal  quality  to  the  raisins 
from  the  treated  lot.  The  untreated  lot  failed  to  meet 
maturity  standards,  which  is  a  grade  of  45-percent 
"B"  or  better.  The  treated  lot  of  raisins  averaged 
68-percent  "B"  or  better.  This  may  have  had  a  direct 
bearing  on  the  behavior  of  the  insects.  However, 
results  from  the  microanalysis  or  maturity  tests  do 
not  account  for  insect  attraction  or  repellency  as 
may  be  exhibited  from  treated-  or  untreated-tray 
raisins. 


Table  1 . — Number  of  live  insects  (total  count)  found  in  the  28  1  50-gram  samples  of  untreated  and 

treated  raisins  taken  each  month  in  storage 


1st  2d         3d         4th        5th        6th  7th        8th        9th  10th  11th  12th 

month  month    month    month    month    month  month    month    month  month  month  month 

Untreated: 

Moths           P)  13        85        84       101       233  2,;        14         2  2  5  1 

Beetles  41  72  79  53  132  107  285  340  215  160  78 
Treated: 

Moths  1                                       4  3  11 

Beetles  3         1         4  3         6  4  5  1 

'No  insects  were  released  until  after  the  1st  month,  at  which  time  the  presence  of  a  natural  infestation  was 
confirmed. 

-Until  this  sample,  the  moth  population  consisted  of  raisin  moth  and  Indian  meal  moth.  The  parasitic  wasp 
B.  hebefor  apparently  regulated  the  populations  until    termination  of  the  test. 


Table  2. — Malathion  residues,  in  parts  per  million,  found  on  the  raisins  dried  on  malathion-treated 
and  untreated  trays  on  the  same  ranch,  offer  I  fo  1  1  months  in  storage 


1st 
month 

2d 
month 

3d 
month 

4th 
month 

5th 
month 

6th 
month 

7th 
month 

8th 
month  . 

9th 
month 

10th 
month 

11th 

in'-  nth 

Treated 

3.9 

3.4 

3.5 

2.9 

3.1 

3.3 

3.1 

3.1 

3.0 

3.0 

3.1 

Untreated 

<.02 

<.01 

<.02 

<.02 

<.02 

<.02 

<.02 

<.02 

<.02 

<.02 

<.02 

Fortified 

5 

3 

1 

5 

5 

2 

2 

10 

3 

Recovered 

4.9 

2.9 

.9 

4.8 

4.8 

2.1 

2.3 

10.4 

3.1 

Percentage 
of  recovery 

98.8 

96.6 

90 

96 

97.2 

103 

115 

104 

102.6 

TEST  2 


Materials  and  Methods 

One  grower  used  for  this  test  had  used  malathion- 
treated  trays  in  the  past  and  planned  to  use  them 
again  in  the  fall  of  1968.  Another  grower  located  in 
the  same  general  area  was  used  as  a  control  because 


he  planned  to  use  regular  untreated  paper  trays.  An 
alternate  grower,  using  both  treated  and  untreated 
trays  was  selected  from  an  area  many  miles  removed. 
The  growers  selected  for  this  test  were  southeast  of 
Reedley,  Calif.  The  alternate  was  from  an  area  north- 
west of  Fowler,  Calif.  The  selection  of  these  growers 
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30  miles  apart  was  to  eliminate  the  possible  chance 
of  rain  damage  to  the  test  raisins.  Reedley,  located 
near  the  foothills,  is  more  susceptible  to  shower 
activity. 

The  amount  of  raisins  used  from  malathion- 
treated  trays  was  168  sweat  boxes  (approximately 
12V2  tons).  The  amount  of  raisins  obtained  from  reg- 
ular untreated  trays  was  twice  as  much,  approx- 
imately 25  tons,  half  of  which  underwent  the  regular 
fumigation  schedule  at  the  packer's  storage  site.  The 
other  half  was  not  fumigated. 

All  raisins  were  handled  in  a  like  manner  at 
harvest.  The  rolled  trays  of  raisins  were  taken  from 
the  field  and  dumped  onto  a  screen  shaker,  which 
removed  over  90  percent  (5)  of  the  debris7  from  the 
raisins.  After  the  raisins  passed  over  the  screen,  they 
dropped  into  sweat  boxes  for  storage  until  processing. 

In  mid-October  the  raisins  were  delivered  to  the 
processor  and  made  into  experimental-size  storage 
stacks.  Each  stack  contained  four  pallets  positioned 
as  a  square  and  divided  into  equal  quadrants.  Each 
pallet  contained  two  rows  of  sweat  boxes  placed  side 
by  side,  one  on  top  of  the  next,  seven  boxes  high; 
thus,  a  pallet  held  14  boxes.  Each  stack  contained  56 
boxes.  There  were  three  stacks  of  malathion-treated 
tray  raisins,  three  stacks  of  untreated-tray  raisins 
that  were  fumigated,  and  three  stacks  of  untreated- 
tray  raisins. 

The  stack  was  gable  shaped  by  placing  a  beamed 
V-frame  on  the  top  boxes.  The  frame  gave  a  slope 
to  the  roof  area  when  the  entire  stack  was  covered 
with  Sisalkraft*  paper  (fig.  1).  The  Sisalkraft  paper 
was  sealed  to  the  blacktop  storage  yard  surface  by 


"Debris  includes  sand,  dead  insects,  stems,  leaves,  feathers, 
and  other  unwanted  trash. 

^Fibreen  220  and  Fibreen  22303  are  available  through  Lam- 
inated and  Coated  Products  Division,  St.  Regis  Paper  Com- 
pany, Tracy,  Calif. 


dry  oiled  sand,  which  made  an  excellent  moisture 
and  rodent- barrier  around  the  bottom  of  each  stack. 

The  most  critical  phase  of  the  test  was  that  the 
raisins  dried  on  malathion  trays  had  to  have  a  res- 
idue of  malathion  high  enough  to  afford  storage  pro- 
tection. The  minimum  residue,  which  was  set  as  the 
criterion  for  storage  protection  was  3  p. p.m.  mala- 
thion. On  the  day  before  the  grower  and  alternate 
began  picking,  samples  of  their  trays  were  analyzed. 
Residues  were  as  follows:  From  the  Tom  Jadwin 
ranch:  91.5,  97.4,  and  104.0  mg.  malathion  per  ft.2; 
from  the  Henry  Lewis  ranch:  100.0,  102.0,  and  104.0 
mg.  malathion  per  ft.2;  and  from  the  untreated  trays, 
the  findings  were  0  mg.  per  ft.1'. 

A  second  set  of  samples  was  taken  at  harvest- 
time.  These  samples  were  of  the  raisins  and  also  the 
screenings.  As  the  raisins  were  screened  over  the 
shaker,  two  samples  were  taken.  The  first  one  was 
a  composite  sample  taken  from  approximately  25  to 
50  trays;  the  second  was  a  sample  of  the  screenings 
to  see  what  was  being  removed  from  the  newly  made 
raisins.  No  live  insects  were  found  in  the  raisins  or 
screenings  from  the  treated-tray  samples,  but  live 
insects  were  found  in  both  the  raisins  and  screenings 
from  the  untreated-tray  samples.  The  following  in- 
sects were  found  alive  from  one  sweat  box  of  un- 
treated-tray screenings:  120  raisin  moth  larvae,  18 
flour  beetles,  two  merchant  grain  beetles,  one  rusty 
red  grain  beetle,  three  dried  fruit  beetles,  and 
eighteen  hairy  fungus  beetles.  Insects  from  the 
treated  tray  sweat  box  screenings  were  dead;  they 
included  three  flour  beetles  and  two  dried  fruit 
beetles.  An  additional  examination  of  a  5-pound 
sample  of  raisins  from  the  malathion  lot  revealed  13 
dead  darkling  ground  beetles  and  one  dead  tule 
beetle.  Neither  of  these  insects  was  found  in  the 
untreated  raisins. 

The  above  samples  of  raisins  were  used  to  deter- 


Figure  1.— Location,  size  and  shape  of  small  test  stacks  compared  to  large,  regular  stacks  in  background. 
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mine  the  amount  of  malathion  obtained  from  the 
trays.  Table  4  ("Results"  section)  is  a  record  of  the 
malathion  residues  found  on  these  newly  made 
raisins.  Determination  of  these  malathion  deposits 
were  made  by  using  gas  liquid  chromatography 
(flame  photometric  detection).  The  method  confirmed 
that  residues  were  high  enough  to  meet  the  criterion 
of  3  p. p.m.  malathion  on  the  raisins.  Both  growers 
who  cooperated  in  these  tests  had  raisins  which  met 
this  criterion.  A  record  of  the  residues  on  the  raisins 
used  in  this  test  appears  in  table  4  ("Results" 
section).  The  alternate  grower's  raisins  showed  that 
they  also  had  qualified  for  the  test,  as  they  had 
deposits  of  4.5.  4.G,  and  4.7  p. p.m. 

The  nine  stacks  of  raisins  were  left  untouched 
for  11  months,  except  for  weekly  visual  examinations 
of  the  outside  of  the  stacks,  until  December  19,  1968. 
Samples  of  raisins  from  one  sweat  box  per  stack  were 
removed  and  screened  on  this  date.  These  screenings 
were  examined  for  live  insects  and  any  other  sig- 
nificant findings.  Results  of  the  screenings  appear  in 
table  3. 

A  random  sample  of  raisins  was  gathered  from 
each  sweat  box  as  they  were  being  screened.  These 
raisins  were  subjected  to  microanalysis  and  also 
analyzed  for  malathion  residues. 

Subsequent  sample  dates  were  March  19,  June 
19,  and  August  19,  1969.  In  these  screenings,  the 
procedures  mentioned  above  were  followed  as  closely 
as  possible. 

Results 

Table  3  is  a  record  of  the  insects  found  in  the 
samples  of  screenings  taken  from  three  sweat  boxes 
at  the  time  the  raisins  were  placed  in  the  stacks 
and  at  subsequent  sampling  intervals.  No  samples 
were  taken  of  the  fumigated  stack  raisins  in  Septem- 
ber 1968,  because  this  would  have  been  a  duplication 
of  the  samples  used  for  the  untreated  raisins  on  that 
date.  Dead  insects  were  not  counted  in  the  untreated 
stack  samples;  however,  a  conservative  estimate  would 
be  over  100  at  each  sampling  of  the  stacks.  A  count 
of  the  live  insects  from  the  samples  was  recorded  as 
an  index  of  the  insects  present  in  the  samples;  this 
gave  a  good  overall  picture  of  the  storage  conditions, 
in  the  fumigated  stacks,  dead  insect  counts  were 
made  at  the  first  two  sampling  dates  to  show  that 
even  with  good  fumigation  practices,  infestation 
buildup  occurred  readily. 

Maturity  Tests 

Maturity  tests  were  made  on  the  raisins  in  all  nine 
stacks  in  December  1968,  March  1969,  and  June  1969. 
These  tests  showed  that  the  raisins  in  this  test  were 
of  excellent  maturity,  74.5-,  63.2-,  and  74.5-per- 
cent "B"  or  better  at  the  start  of  storage,  and  all 
remained  above  60  percent  at  the  end  of  the  test. 

Previous  work  indicated  that  high  maturity  raisins 
acquire  lower  malathion  residues  than  do  low  sugar 
raisins  (7). 


Microanalysis 

The  nine  stacks  were  sampled  and  the  raisins 
taken  to  the  inspection  agency  for  microanalysis 
after  the  December  19,  1968,  March  19,  1969,  June 
19,  1969,  and  August  19,  1969  openings  of  the  stacks 
for  test  sampling.  The  microanalysis  examination 
findings  in  number  of  insect  fragments  were:  Un- 
treated, 77;  fumigated,  64;  and  malathion,  34.  This 
shows  that  the  raisins  from  the  malathion  trays  were 
twice  as  free  of  insect  fragments  as  the  other  raisins. 
This  finding  supports  earlier  work  (5)  where  it  was 
found  that  raisins  dried  on  malathion-treated  trays 
were  easier  to  clean  than  those  dried  on  untreated 
trays,  which  always  contained  an  infestation  of  var- 
ious live  insects  at  harvest  time. 

Malathion  residues  were  not  completely  removed 
during  the  processing  of  the  treated-tray  test  raisins 
(table  4).  Residues  of  3.6  and  3.83  p. p.m.  were  found 
on  the  malathion  tray  raisins.  A  supplemental  test 
showed  that  the  residue  was  still  present  when  these 
raisins  were  shipped  from  the  plant  for  consumer 
use. 


Infestation  Test 

Processed  raisins,  approximately  200  grams  per 
jar,  were  placed  in  105  quart  jars.  Then  five  replicates 
of  each  of  the  following  insects  were  placed  on  the 
raisins  to  see  if  they  could  reproduce:  Almond  moth, 
raisin  moth,  Indian  meal  moth,  confused  flour  beetle, 
red  flour  beetle,  sawtoothed  grain  beetle,  and  mer- 
chant grain  beetle.  Each  five-jar  replicate  had  50 
adults  of  that  species  added  to  the  jars.  This  pro- 
cedure was  repeated  with  50  larvae  and  also  eggs  of 
each  species.  Results  of  this  test  appear  in  table  5. 
Note  that  none  of  the  insect  eggs  of  the  seven 
species  survived.  The  results  also  confirm  a  previous 
finding  (6)  that  the  sawtoothed  grain  beetle  and  mer- 
chant grain  beetle  will  not  survive  on  raisins  with 
malathion  residues  over  2  p. p.m. 


Discussion 

The  presence  of  insects  on  raisins  that  are  even- 
tually processed  for  human  consumption  is  highly 
undesirable  and  extremely  difficult  to  maintain  and 
detect.  Inspection  standards  are  continually  up- 
graded. Malathion-treated  trays  will  help  improve 
these  standards.  Untreated-tray  raisins  going  into 
storage  at  the  processor  contain  minor  insect  infesta- 
tions missed  by  a  standard  screening  procedure 
(7,  5).  Screening  raisins  before  delivery  to  the  pro- 
cessor removes  90  percent  or  more  of  the  insects 
present  in  the  raisins  at  the  time  of  field  harvest 
(7,  4,  5).  Live  insects  are  harder  to  remove  by  screen- 
ing from  raisins  than  dead  insects.  In  the  years  that 
malathion-treated  paper  trays  have  been  used  for 
drying  raisins,  the  raisins  from  these  treated  trays 
have  always  gone  into  storage  with  less  than  10  live 
insects  per  sweat  box  screening  (5).  During  the  same 
tests,  the  untreated-tray  raisins  have  always  averaged 
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over  100  live  insects  per  sweat  box  screening  (5). 
Thus,  the  problems  of  insect  contamination  at  the 
start  of  processor  storage  can  be  practically  elim- 
inated by  drying  raisins  on  malathion-treated  trays. 

One  sweat  box  of  untreated  raisins,  randomly 
selected  and  screened  at  the  time  of  delivery,  con- 
tained 162  live  insects.  The  various  species  and 
numbers  of  each  were:  120  raisin  moth  larvae.  18 
flour  beetles,  18  hairy  fungus  beetles,  two  merchant 
grain  beetles,  one  rusty  grain  beetle,  and  three  dried 
fruit  beetles.  The  number  and  quantity  of  other 
species  placed  in  storage  undetected  during  any 
given  year  is  unknown.  Previous  observers  (5)  found 
44  different  species  attracted  to  raisins  on  the  trays. 

When  the  untreated  raisins  were  examined  11 
months  later,  the  number  of  live  insects  per  sweat 
box  had  increased  to  over  2,500.  During  these  11 
months  of  storage,  some  species  died  out  or  dis- 
appeared, and  others  appeared.  One,  a  parasite,  in- 
creased to  the  point  where  partial  control  of  the 
moths  took  place  sometime  between  the  sixth  and 
ninth  month  of  storage. 


Insects  feeding  on  raisins  cause  damage  that  is 
not  readily  detected.  The  insects  and  their  excreta 
are  removed  by  the  highly  efficient  processing  of  the 
industry,  but  no  known  procedure  is  available  to 
repair  insect  feeding  damage.  If  the  damage  to  the 
individual  raisin  is  severe  enough  to  lighten  the 
weight  of  the  raisin,  it  will  be  removed  by  the  air- 
stream  sorting  method  employed  by  the  industry. 
The  use  of  malathion-treated  trays  greatly  reduces 
insect  feeding  damage.  Insects  seldom  feed  on 
raisins  dried  on  malathion-treated  trays,  which  re- 
sults in  improved  raisin  quality. 

Table  4. — Average  malathion  residues,  in  parfs  per 


million,  found  on  3  replicates  of  raisins  made  on 


malathion 

■treated 

trays  an 

d  on  un 

treated 

trays 

Start 
of 
storage 

After 
3 

months 

After 
6 

months 

After 
9 

months 

After 
11 

months 

Treated 

5.25 

5.08 

5.66 

5.33 

4.86 

Untreated 

.028 

.02 

.38 

.02 

.02 

Table  3. — Number  of  insects  found  alive  in  screenings 
from  3  sweat  boxes  of  each  test  treatment 


Start  of  test 

Fumigated 

Untreated 

Malathion 
treated 

Sept.  1968 

0) 

162 

0 

120  RML  2  MGB 

18  RFB  1  RGB 

18  HFB  3  DFB 

Dec.  19,  1968 

5 

561 

6 

5  RML 

533  RML 

2  RML 

15  B.h. 

1  RFB 

•523  RML 

8  HFB 

3  T.I. 

5  RFB 

Mar.  17,  1969 

1 

1240 

10 

1  RML 

1054  RML 

2  RML 

149  IMML 

2  T.I. 

■786  RML 

37  B.h. 

6  DRM 

June  19,  1969 

28 

1178 

561 

15  B.h. 

683  B.h.  5  RFB 

-539  TML 

7  RML 

336  RML  3  RFB 

20  T.I. 

5  T.I. 

139  T.I.  12  HFB 

2  RFB 

1  RGB 

Aug.  19,  1969 

29 

2659 

356 

17  RML 

2166  RML 

267  TML 

12  T.I. 

486  T.I. 

78  T.I. 

43  B.h. 

11  RFB 

^No  samples  were  taken  on  this  date. 
'-1st  record  in  30  years  in  raisins. 
-Dead  count. 

Key  to  insects 

RML  =  Raisin  moth  larvae                RGB  =  Rusty  grain  beetle 
RFB  =  Red  flour  beetle                        B  h.  =  Bracon  hebefor 
HFB  =  Hairy  fungus  beetle                T.I.  =  Jrogoderma  sp.  larva 
DFB  =  Dried  fruit  beetle                IMML=  Indian  meal  moth  larva 
MGB  =  Merchant  grain  beetle          DRM  =  Dusky  raisin  moth 

TML  =  Tobacco  moth  larva 
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Table  5. — A  record  of  7  species  of  inserts  (250  of  each  adulf, 
larva,  and  egg)  exposed  for  30  days  to  see  if  life  cycles  of 
thai  siaie  would  be  completed  on  raisins  dried  on  mala- 
thion-treated trays  still  having  a  protective  residue  of  3.6 
to  3.8  p. p.m.  of  malathion  after  processing. 


Treated  raisins  Untreated  control 


Insect  species 

Eggs 

Larvae 

Adults 

Eggs 

Larvae  Adults 

Almond  moth 

0 

3  i  of  b 

+ 

+ 

+ 

+ 

Raisin  moth 

0 

+ 

3+  of  5 

+ 

+ 

+ 

Indian  meal 
moth 

0 

+ 

-1  +  of  5 

+ 

+ 

+ 

Confused 
flour  beetle 

0 

:;0  of  5 

+ 

+ 

+ 

+ 

Red  flour  beetle 

0 

+ 

+ 

+ 

+ 

+ 

Sawtoothed 
grain  beetle 

0 

0 

0 

+ 

+ 

+ 

Merchant 
grain  beetle 

0 

0 

0 

+ 

+ 

+ 

1Plus  sign  indicates  life  cycles  completed  in  all  replications  (5 
replications  in  treated;  3  replications  in  control).  When  preceded 
by  a  number,  it  shows  the  total  number  of  replications  where 
condition  existed. 

'-One  adult  in  2  of  the  other  4  replications. 

:;One  adult  and  1  larva  alive  in  2  of  the  5  replications. 


CONCLUSIONS 


These  two  storage  tests  show  that  raisins  dried 
on  malathion-treated  trays  contain  less  insect  dam- 
age than  those  from  untreated  trays.  Less  insect 
damage  means  the  raisins  are  cleaner,  are  of  better 


quality,  and  will  remain  relatively  insect  free  in 
storage.  The  length  of  storage  expected  from  such 
treatment  is  from  6  months  to  1  year. 
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